increase in energy consumption and body weight (Kiris GA, 2007) . NPY executes these functions mainly through its receptor Y1, Y2 and Y5 (Aldegunde and Mancebo, 2006; Pedrazzini et al., 2003) . NPY is one of the most highly conserved neuroendocrine peptides in vertebrates (Blomqvist et al., 1992) . The NPY peptides of fish species also showed remarkable sequence homology with mammals, suggesting the similar functions of NPY in fish and mammals (CerdaReverter et al., 2000b; Sundstrom et al., 2005) .As its mammalian counterpart, NPY is also a very important regulator of food intake and energy metabolism in fish (Volkoff, 2006; Volkoff et al., 2005) . For example, both central and peripheral injections of mammalian or fish NPY significantly stimulated food intake in a dose dependent manner in goldfish (Lopez-Patino et al., 1999; Narnaware et al., 2000) . NPY mRNA levels increased substantially a few hours before feeding goldfish, which was fed at fixed time, and then declined after feeding; Fasting could also upgrade the expression of goldfish NPY, while refeeding restored the NPY mRNA levels (Narnaware and Peter, 2001a) . In addition, NPY expression was regulated by high glucose or high fat diet but not affected by the protein composition of food (Narnaware and Peter, 2002) . The relationship between NPY and feeding promotion were also found in other fish species. Ventricle injection with porcine NPY significantly promoted the feeding of rainbow trout within 2-3 hours (Aldegunde and Mancebo, 2006) . Brain NPY mRNA level of Atlantic cod changed before and after diet, and reached the highest level at feeding time (Kehoe and Volkoff, 2007) . The short-term changes of NPY level were all related to temporary feeding regulation. Similar to mammals, NPY is a long-term energy metabolism regulation factor, long-term treatment of NPY could also significantly change the growth and feeding behavior of fish species. Recombinant protein expressed in Escherichia coli. of tilapia NPY significantly promoted the growth and food intake of tilapia by injection (Carpio et al., 2006) . Immersion bath with the same prokaryotic expression of NPY three times a week significantly increased the body weight and body length of catfish (Carpio Y, 2007) . NPY either administered by i.p. injection or through feed stimulated food intake as well as growth of Oreochromis niloticus (Kiris GA, 2007) . Yeast has been used in food and feed additive production for a long time. Because of the lower toxicity and higher environmental security, the yeast culture supernatant of yeast expression system for foreign genes expression can be directly used as feed of animal without purification. In addition to the advantages of molecular and genetic manipulations sharing with Saccharomyces, Pichia pastoris has higher protein expression efficiency and is easier for high-density fermentation. Moreover, as a eukaryote, Pichia pastoris has advantages in post-translational processing of higher eukaryotic expression systems such as protein processing, protein folding, and posttranslational modification that E. Coli. systems can not carry out, while being as easy to manipulate as E. Coli or Saccharomyces cerevisiae. It is faster, easier, and lower cost than other eukaryotic expression systems and generally gives higher expression levels. Pichia pastoris itself secrete little proteins into the culture medium, such facilities the secretion and purification of recombinant proteins. In addition, single or multiple copies of foreign genes were easy to integration into the genome of Pichia pastoris in specific site, which makes the recombinant strains to be genetically stable. These features make Pichia a very useful protein expression system suitable for industrial production (Faber et al., 1995; Romanos et al., 1992) . Treating fish with hormones or peptides to induce the food intake and growth by injections is definitely not a realistic method in aquaculture because they would require expensive,
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Expression of Neuropeptide Y of GIFT Tilapia (Oreochromis sp.) in Yeast Pichia Pastoris and Its Stimulatory Effects on Food Intake and Growth 87 time-consuming injection in individual fish. To feed fish with capsules or feed containing agonists/antagonists of appetite-regulating factors might represent a viable solution (Gelineau, 2001; Volkoff et al., 2010) . Previous experiments have shown that trout fed with CCK antagonists eat significantly more than their mean daily intake on the other days of the experiment (Gelineau, 2001) . Tilapia, commonly known as the African carp, belongs to Perciformes, Perciformes Suborder, Cichlidae. Now, tilapia is one of the most important fish species used in aquaculture in the world. Because of its low cost, tilapia has been thought as the 21st century protein for poor people. In the present study, under purpose of developing new environmental friendly feed additives for fish, we isolated the ORF of NPY from GIFT tilapia and established the Pichia strains of pPICZαA-TiNPY1-X-33 and pPICZαA-TiNPY2-X-33 to express recombinant NPY proteins. Administration of the purified NPY to GIFT tilapia showed that long-term treatment of the recombinant peptide can stimulate food intake, promote growth and reduce feed conversion ratio. Moreover, this recombinant peptide obviously stimulated pituitary GH mRNA expression, while inhibit NPY and orexin mRNA expressions in hypothalamus.
Material and methods

Animals
All fish used in the present experiment are GIFT Strain tilapia (Oreochromis niloticus), and were obtained from local Panyu tilapia breeding fishery of Guangzhou, China. A male tilapia with body weight of 1.5kg was used for molecular cloning of NPY cDNA. Juvenile f i s h w i t h t h e b o d y w e i g h t r a n g i n g f r o m 65 to 80g were selected for NPY feeding experiments. Since the tilapia at this stage was "prepubertal" and sexual dimorphism was not apparent, fish of mixed sexes were used for in vivo study. All fish were kept alive in well aerated freshwater under a 12L:12D photoperiod at 26 to 28℃. Fish for feeding experiment were cultured in a 150L tank with the density of 12 fish per tank and were acclimated to a constant flow of filtered water for two weeks before the feeding experiment. During the acclimation period, all fish were fed with normal extruded floating pellets twice a day. After finish the experiment, all fish were sacrificed by anesthesia in 0.05% MS222 (Sigma, St. Louis, MO) followed by spinosectomy according to the regulation of animal use at Sun Yat-Sen University.
Reagents and test substrates
TRIzol reagent, DNAse I, SuperScript II, T/A clone TM PCR Product Cloning Kit, Platinum Taq DNA Polymerase, Zeocin, and Real-time PCR Master Mix SYBR Green were purchased from Invitrogen (Carlsbad, CA). E.Z.N.A Gel Extraction Kit and E.Z.N.A Plasmid Extraction Kit were obtained from Omega Bio-Tek (USA). Anti-Neuropeptide Y Rabbit pAb was purchased from Calbiochem (U.S.A). Sheep anti-rabbit secondary antibody IgG-HRP was purchased from Boster Biological Engineering Co., Ltd., (China). His•Bind Columns was bought from Novagen (USA). Trpton, Yeast extract and Dextrose were purchased from OXIOID (Britain). The membrane of PVDF (0.2μm) was obtained from Pall life sciences (U.S.A). Protein Marker is BIO-RAD kaleidoscope Prestained Standards.
Molecular cloning of GIFT tilapia NPY
Specific primers for amplification of tilapia NPY cDNA were designed based on the reported NPY sequence of red tilapia (GenBank Accession No. AY779047). The forward www.intechopen.com Update on Mechanisms of Hormone Action -Focus on Metabolism, Growth and Reproduction 88 primer was F1 (5′-ATGCATCCTAACTTGGTGAGC-3′) and the reverse primer was R1 (5′-GGCCACGCGTCGACTAGTAC-3′, AUAP). PCR was performed using the RT sample prepared from the hypothalamus as the template to pull out GIFT NPY cDNA. Briefly, total RNA was extracted from the hypothalamus of GIFT tilapia using TRIzol®reagent method. 1μg total RNA was reverse transcribed to first strand cDNA by SuperScript First-Strand Synthesis System for RT-PCR (Invitrogen) and Oligo(dT)12-18 primer (Invitrogen Adapter Primer). 5μl of the above 20μl reverse transcription reaction mixture was used to amplify a NPY fragment with the size of 650 bp, which include the open reading frame (ORF) and the 3′ untranslation region. The total volume of PCR reaction is 100μl containing with 0.5μl Platinum Taq DNA Polymerase and the corresponding PCR buffer, 200 μM of each dNTP, 30 μM MgCl 2 and 200 pmole of F1 and AUAP primers. PCR reactions were conducted for 36 cycles with the denaturation at 94 ℃ for 15 sec, annealing at 53℃ for 15 sec and extension at 72℃ for 1 min. The PCR products were size-fractionated in 1.5% agarose gel and purified by using E.Z.N.A® Gel Extraction Kit. The purified PCR product was then ligated into cloning T plasmid vector (pTZ57R/T plasmid vector). The recombinant pTZ57R/T vector was transformed into DH5a (Escherichia coli), after screening and identification, plasmids of positive colonies were extracted using E.Z.N.A® Plasmid Extraction Kit and sequenced using M13F primer.
Construction of pPICZaA-TiNPY1and pPICZaA-TiNPY2 expression vectors
Three gene specific primers for amplification of the mature peptide of tilapia NPY were designed based on the sequence obtained to establish two different expression vectors. A forward primer (F2: 5′-CGGCCTCGAGAAAAGAGAGGCTGAAGCTTACCCAGTGAA ACCA-3′) contains an Xho I site and the sequence encoding partial signal peptide which could be digested by Xho I on yeast secretory expression vector pPICZαA(Invitrogen). The reverse primers were R2 (5′-TGCTCTAGATACCTCTGTCTTGT-3′) which contains an Xba I site and R3 (5′-TGATCTAGATCAATGATGATGATGATGATGATACCTCTGTCTTGT-3′). Besides the Xba I site, R3 also contains the sequence encoding 6× his tag and a stop codon. Using the NPY cDNA we obtained as template, two fragments with the size of 201bp (NPY1) and 226bp (NPY2) were amplified by using primer pairs of F2/R2 and F2/R3, respectively. PCR reactions were conducted for 36 cycles with the denaturation at 94 ℃ for 15 sec, annealing at 65℃ for 15 sec and extension at 72℃ for 30 sec. The PCR products were size-fractionated in 1.5% agarose gel and purified by using E.Z.N.A® Gel Extraction Kit. The purified PCR product and Pichia pastoris expression vector pPICZαA were digested by Xho I and Xba I, respectively. After purification, the digested PCR products were ligated with the linearized pPICZαA. After sequencing confirmation, two recombinant expression vectors, pPICZαA-TiNPY1 and pPICZαA-TiNPY2, were established. The NPY gene of interest is cloned in frame with a C-terminal peptide containing the c-myc epitope and a polyhistidine (6× His) tag as in pPICZαA-TiNPY1, or with only the polyhistidine (6× His) tag as in pPICZαA-TiNPY2. The recombinant NPY proteins are expressed as fusions to an Nterminal signal peptide, a-factor secretion signal of the Saccharomyces cerevisiae. Both vectors would give high expression level of the interest gene in Pichia pastoris when induced by methanol. pPICZαA-TiNPY1 and pPICZαA-TiNPY2 were linearized by the digestion of PmeI (NEB) within the 5′AOX 1 region and then transformed into the competent cell of Pichia X-33 by electroporation. The linearized pPICZαA-TiNPY1 or pPICZαA-TiNPY2 was directly integrated within the 5´ AOX1 region of Pichia host genome (Pichia X-33 strain purchased from Invitrogen) by gene insertion. The two transformation mixtures were respectively spread onto YPDS plates (Yeast Extract Peptone Dextrose Medium), which contained 1% yeast extract, 2% peptone, 2% dextrose (glucose), 1 M sorbitol, 2% agar and 200 μg/ml Zeocin™(or 100 μg/ml Zeocin, and then screening on 200/500/1000 μg/ml Zeocin YPDS for multi-copy integrants). These plates then were incubated at 28-30°C for about 4 days until the positive single colonies of Pichia X-33 were observed. In a parallel study, the PICZαA blank vectors were introduced into the competent cells of Pichia X-33 strain and which acts as a negative control. At this point, two recombinant Pichia X-33 strains were constructed, they were pPICZαA-TiNPY1-X-33 and pPICZαA-TiNPY2-X-33 , which could express recombinant TiNPY1 (tilapia NPY mature peptide with a C-terminal peptide containing the c-myc epitope and 6× His tag, total 58 a.a.) or TiNPY2 (tilapia NPY mature peptide with only the 6× His tag, total 42 a.a.) respectively.
Establishment of
Induction of recombinant protein expression of TiNPY1 and TiNPY2
Single colonies of genetically engineered Pichia pastoris strains pPICZαA-Ti NPY1-X-33, pPICZαA-TiNPY2-X-33 and pPICZαA-X-33 (as a negative control NC 0 ) were picked and c u l t u r e d i n 5 m l B M G Y m e d i u m ( 1 % y e a s t e x t r a c t , 2 % p e p t o n e , 1 0 0 m M p o t a s s i u m phosphate, pH 6.0, 1.34% YNB, 4x10 -5 % biotin, 1% glycerol) at 30℃ in a shaking incubator (250rpm)for 24h. When the OD600 of the culture is within the range from 4.0 to 6.0, 200μl culture of each colony was stocked in 15% glycerol at -80 ℃. The remained cells were harvested by centrifuging at 1500 g for 5 minutes at 4℃. Discard the supernatant and resuspend the cell pellet into BMMY medium (1% yeast extract, 2% peptone, 100 mM potassium phosphate, pH 6.0, 1.34% YNB, 4x10 -5 % biotin, 0.5% methanol) to induce NPY protein expression at 28-30℃ with the shaking speed of 250rpm. The media of one of PICZαA-TiNPY1-X-33 or pPICZαA-TiNPY2-X-33 was not be replaced and maintained in BMGY medium to act as negative control of NC 1 and NC 2 . 1ml cultures of each tube were sampled and cultured in BMMY medium with 0.5% methanol to maintain induction every 24 hours. In a parallel study, instead of replacing the culture medium, one culture of PICZαA-TiNPY1-X-33 or pPICZαA-TiNPY2-X-33 remained to be cultured in BMGY and act as negative control of NC 1 and NC 2 . Sampled cultures were centrifuged to collect supernatant respectively, and the supernatants were stored at -20℃ or directly concentrated and analyzed by Tricine-SDS-PAGE gel and western blot. The expressed recombinant protein by pPICZαA-TiNPY1-X-33 and pPICZαA-TiNPY2-X-33 were named TiNPY1 and TiNPY2.
Analysis of recombinant NPY proteins by Tricine-SDS-PAGE and western blot
The harvested supernatants with recombinant proteins were concentrated and analyzed by Tricine-SDS-PAGE gel electrophoresis according to the standard procedure. Samples were first run under 50V for 1h and then change the voltage to 75V for another 1h. After electrophoresis, the gel was stained with Coomassie blue for 20 min, and then analyzed whether the recombinant proteins TiNPY1 (with a molecular weight about 6.9KD) and TiNPY2 (with a molecular weight about 5.1KD) were present or not.
After analysis by Tricine-SDS-PAGE gel electrophoresis, samples induced with different time were analyzed by western blot. After separation by Tricine-SDS-PAGE gel electrophoresis, proteins were electro-transferred from the gel to a PVDF membrane. The recombinant protein was recognized with a rabbit polyclonal antibody against porcine NPY (purchased from Calbiochem Corporation, USA) with a dilution of 1:1000, which was recognized by sheep anti-rabbit secondary antibody IgG-HRP (purchased from Boster Biological Engineering Co., Ltd., China). Western blot results were detected by chemiluminescence detection system.
Expression kinetics of NPY
Since the protein banding patterns of TiNPY1 and TiNPY2 in supernatant were varying with different induction time, it is necessary to study the kinetics of NPY expression. In the present study, NPY1 expression was taken as a model to study the relationship of induction time and TiNPY1 protein expression pattern. Four colonies of pPICZαA-TiNPY1-X-33 were used to express recombinant protein of NPY. The supernatants were harvested for Tricine-SDS-PAGE gel electrophoresis and western blot at the time point of 12h, 24h and 48h after 0.5% methanol induction.
Purification of the recombinant NPY proteins
Since Recombinant protein TiNPY1 and TiNPY2 were conjugated with 6× His tag, His•Bind Column (NOVAGEN) could be used to purify these proteins. pH of supernatants of methanol-induced culture were adjusted to 7.9 by NaOH and then all samples were loaded into the His•Bind Column which was equilibrated with 15ml binding buffer(0.5 M NaCl, 20mM Tris-HCl, 5mM imidazole, pH 7.9) before use. The column was washed by 10ml wash buffer (0.5M NaCl, 60mM imidazole, 20mM Tris-HCl, pH 7.9) to remove unbound proteins. The recombinant protein was eluted by elute buffer with different concentration of imidazole (150/250/500mM imidazole, 0.5M NaCl, 20mM Tris-HCl, pH 7.9).Each fraction was eluted with one milliliter elution. Tricine-SDS-PAGE gel electrophoresis was conducted to analyze the purification with comparisons of before and after purified supernatants.
Sequencing of N-terminal amino acid of NPY
The purified TiNPY1 protein bands were electro-transferred from the gel to a PVDF membrane, and the sequencing of N-terminal amino acid of TiNPY1 was performed by using Sequencing instrument PROCISE491 (Applied Biosystemes Company, USA) with EDMEN degradation method.
Diet preparation and feeding experiment with juvenile tilapia
Five different diets for feeding experiments were prepared by homogeneously spraying three kinds of yeast culture supernatants directly onto the surface of ordinary commercial extruded floating feed. The concentrations of the recombinant proteins of NPY1 in three diets are 0.15, 0.3 and 0.6μg TiNPY1/g feed, respectively. A diet contains the recombinant protein TiNPY2 to a level of 0.3μg TiNPY2/g feed. A diet without any addition of recombinant protein acts as a negative control feed. All diets were stored at −20 °C before use. After finishing two week's acclimation, 180 fish of GIFT Strain tilapia, with a body weight ranging from 60 to 80g (73.09±3.58 g) and length ranging from 12.0 to 14.0cm were randomly www.intechopen.com
Expression of Neuropeptide Y of GIFT Tilapia (Oreochromis sp.) in Yeast Pichia Pastoris and Its Stimulatory Effects on Food Intake and Growth 91 assigned to 15 aquariums and 12 fish were cultured in an aquarium. All 15 aquariums were divided into five groups with three aquariums (three replicates, n=12) per group. One group was fed with a kind of diet. Group1, 2, 3 were fed with diets containing 0.15, 0.3 and 0.6μg TiNPY1/g feed, respectively. Group 4 took the control feed and group 5 was fed with 0.3μg TiNPY2/g feed. The feeding experiment was taken for 50 days. All fishes were cultured at 28 ℃ under a 12 L: 12D photoperiod. Fish were fed with the pellet feed two times daily to satiation at 09:00 and 18:00 (animals didn't take any feed within one hour after the beginning of feeding). The remained feeds were removed one hour after each feeding operation and dried to calculate food intake of fish in each tank. Every 10 days, all fish in each aquarium were caught and dried briefly with towel, and then the weight for each fish was measured. The fish were not fed with anything within 24h before measurement. The body length of each fish was also measured at the beginning and the end of feed experiment. The whole feeding experiment lasted for 50 days. After finishing the feeding experiment, all fish were sacrificed and their tissues were removed for the following experiments: pituitaries and hypothalamuses were used for RNA extraction and RT-PCR; Livers and all guts were weighed to determine the hepatosomatic index (HSI) and visceral body weight, which were calculated as 100× liver weight/body weight and 100× gut weight/body weight. The mRNA expression of growth hormone (GH), NPY and orexin were detected by using Real-time PCR technique. Fish dorsal white muscle of each group was sampled for moisture, crude protein and total lipid content were analyzed according to the method of Kjeldahl (AOAC, 1984) and Soxhlet extraction method, respectively.
Data transformation and statistical analysis
For feeding experiment, feeding conversion ratio (SGR) was calculated in terms of the number of grams of feed that are used to produce one gram of whole fish. For real-time PCR measurement of GH, NPY and orexin mRNA, 18S mRNA acts as an internal control to normalized with mRNA of the target gene. Data were presented as means ± SEM and analyzed with one-way ANOVA followed by Fisher's Least Significance Difference (LSD) test. Differences between groups were considered as significant at P <0.05.
Results
Molecular cloning of cDNA encoding the NPY of GIFT tilapia and construction of the expression vectors of pPICZaA-TiNPY1and pPICZaA-TiNPY2
The ORF and 3' untranslation region (UTR) of GIFT tilapia NPY was cloned (Fig.1) . The partial cDNA of NPY is 659bp in size with a 359bp 3'UTR and 300bp ORF encoding a 99 a.a. precursor protein. A putative signal peptide of 28 a.a. is located in the N-terminal of NPY. And a 36 a.a. mature peptide is highly conserved with that of human NPY (89% identity). The remained 35 a.a. is the C-terminal of NPY. Two different expression vectors of GIFT tilapia were established and they were named as pPICZaA-TiNPY1 and pPICZaA-TiNPY2 (Fig.2) The insert size of pPICZaA-TiNP1 is 201bp which encodes 36 a.a. NPY mature peptide and a C-terminal peptide with a c-myc epitope and a polyhistidine (6× His) tag. The insert size of pPICZaA-TiNPY2 is 226bp which encodes NPY mature peptide and a polyhistidine (6× His) tag.
ACACGTCCGTCACTTACCTCCTACACCAAACGAACACCACGCCTCTGCCCTCCTTTCGCC 420
TCCATGAGCCGCAACGTATATATCCAACCCCTCTTCCTTACGCATCAGCCACACCCAACA 480
CTGCTTGAAGTCTGTGCCATAAAACTGTAAATACTTTATTCTGAGTCGTCATCTGTGCAA 540
CATGATCGTAAAGTGGAGGAGGGGGGGTCTGCTGATTGTATTGTATATTTGTGCTATTAA 600 
H H H H H
TAGCGCCGTCGACCATCATCATCATCATCATTGA-3′
pPICZaA-TiNPY2：
H H H H H
TAGCGCCGTCGACCATCATCATCATCATCATTGA-3′
pPICZaA-TiNPY2： B Fig. 2 . Nucleotide and deduced amino acid sequences of NPY1 (A) and NPY2 (B) that were subcloned into pPICZaA to establish the expression vectors. The mature peptide of NPY is highlight in grey box, and the "H" in bold are 6XHis tags.
www.intechopen. To get the high-yield strains of recombinant TiNPY1 and TiNPY2 produced by engineered Pichia pastoris, pPICZaA-TiNPY1 and pPICZaA-TiNPY2 were introduced into Pichia X-33 strains by electroporation, respectively. After selection by using different concentration of Zeocin, the strains with the integration of TiNPY1, TiNPY2 and pPICzaA blank vector into the genome of Pichia pastoris X-33 (Fig.3) were selected for our study. These strains with high Zeocin-resistance were named as pPICZαA-TiNPY1-X-33, pPICZαA-TiNPY2-X-33 and pPICZαA-X-33. pPICZαA-TiNPY1-X-33 can express a 58 a.a. peptide with 36 a.a. NPY mature peptide and a C-terminal peptide containing the c-myc epitope and 6× His tag, while the strain of pPICZαA-TiNPY1-X-33 can express a 42 a.a. peptide with NPY mature peptide and a 6× His tag.
Expression of recombinant NPY1 and NPY2 in Pichia X-33 stains
To study the expression pattern of recombinant NPY1 and NPY2 in Pichia pastoris , pPICZαA-TiNPY1-X-33, pPICZαA-TiNPY2-X-33 were induced by using 5% methanol with the time points of 24h, 48h and 72h. The results of SDS-PAGE and Commassie blue staining of recombinant NPY at different times of methanol induction showed that six clones of each recombinant strain of pPICZαA-TiNPY1-X-33 and pPICZαA-TiNPY2-X-33 could express tilapia TiNPY1and TiNPY2, respectively. For pPICZαA-TiNPY2-X-33 after 24h methanol induction, in addition to a band with the size of 5-6KD was observed in all six colonies, Fig. 3 . Integration of TiNPY1, TiNPY2 and pPICza-A blank vector into the genome of Pichia pastoris X-33. The pPICzaA blank vector, pPICzaA-TiNPY-1 and pPICzaA-TiNPY-2 were transformed into Pichia pastoris X-33 by electroporation. After selection by using different concentration of Zeocin, three colonies of Pichia pastoris X-33 with high Zeocin resistance and high copy number were obtained, namely pPICZaA-TiNPY1-X-3, pPICZaA-TiNPY2-X-33 and pPICZaA-X-33.
there is a band with the size of 6-7KD expressed in colonies 1,2,3 and 4 (Fig.4) . After 48h induction, the band with the size of 5-6KD is still appear in all six colonies, but the expression level of the band is significantly lower than that of 24h-induction, while a band with a small size (2-4KD) was observed in all colonies (Fig.5) . All bands almost disappeared except for colony 3 after methanol induction for 72h (Fig.6) . Among the six colonies, only colony 3 has a stable expression pattern when induced by 5% methanol for 24h to 72h. Similar phenomenon was also observed in the strain of pPICZαA-TiNPY1-X-33. All six colonies selected expressed a peptide with the size of 7-9KD after 24h induction (Fig.4) , but when the induction time increased to 48h, the band observed is about 5-6KD (Fig.5 ) and this band is still the major band after induction for 72h (Fig.6) . In a parallel study, the pPICZαA -X-33 with methanol induction acts as negative control (NC0). The stains of pPICZαA-TiNPY1-X-33 and pPICZαA-TiNPY2-X-33 without methanol induction were also employed as negative controls (NC1 and NC2). No matter how long of the induction time, there is no band was present in the three negative controls. Western blot was carried out to test the immunological characteristics of recombinant TiNPY1 and TiNPY2. These proteins were size-fractionated in 10% SDS-PAGE and transblotted onto the PVDF membrane. The recombinant proteins were recognized by a 5-6KD 10KD 5-6KD 6-10KD Fig. 4 . SDS-PAGE detection of the expression of TiNPY1 and TiNPY2 after methanol induction for 24 hours.1-6:TiNPY2; 7-12:TiNPY1; NC0: pPICZaA-X-33 blank vector (negative control); NC1: pPICZaA-TiNPY1-X-33 without induction; NC2: pPICZaA-TiNPY2-X-33 without induction; M: protein marker. The size of TiNPY1 and TiNPY 2 is 6-9KD and 4-6KD, respectively.
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rabbit polyclonal antibody against porcine NPY at a dilution 1:1000, which was recognized by sheep anti-rabbit secondary antibody IgG-HRP. 1μg of synthesized tilapia NPY with a molecular weight of 4.104KD was used as a positive control. The size of the NPY is smaller than both TiNPY1 and TiNPY2 because it lacks conjugated tags. The protein concentration of TiNPY1 and TiNPY2 in culture supernatants, when up-scale expressed in 1L shake-flask , were determined by scanning densitometry of dyed Tricine-SDS-PAGE gel and compared with the positive control (Fig.7,A) . Western blot results showed that different from the SDS-PAGE detection that all colonies selected expressed the recombinant TiNPY1, only four colonies (No.2, 3, 4 and 6) were recognized by NPY antibodies (Fig.7,B) . For TiNPY-2, SDS-PAGE showed that two of three colonies examined express two kinds of NPY with the molecular weight of 6-7KD and 5-6KD, while colony 3 only expressed the band with the size of 5-6KD (Fig.8,A) . All these bands could be recognized by NPY antibody (Fig.8, B) .
Time course study of the recombinant protein expression of TiNPY1
As the size and number of specific protein bands of TiNPY1 and TiNPY2 in supernatant were varying with different induction time, the expression kinetics of NPY1 was performed by inducing the expression of four pPICZαA-TiNPY1-X-33 colonies which came from the 5-6KD . SDS-PAGE detection of the expression of TiNPY1 and TiNPY2 after methanol induction for 48 hours.1-6:TiNPY2; 7-12:TiNPY1; NC0: pPICZaA-X-33 blank vector (negative control); NC1: pPICZaA-TiNPY1-X-33 without induction; NC2: pPICZaA-TiNPY2-X-33 without induction; M: protein marker. The size of TiNPY1 and TiNPY2 is 5-6KD and 4-6KD, respectively. same colony (Fig.4, colony 11 ) and could express recombinant protein TiNPY1 efficiently. Tricine-SDS-PAGE result showed that when induced by methanol for 12h and 24h, the recombinant protein that pPICZαA-TiNPY1-X-33 expressed is about 10-12KD and 7-9KD. With the induction time increased to 48h, the molecular weight of TiNPY1 decreased to 6-7KD (Fig.9) . Western blot result demonstrated that NPY antibody could only recognize the two protein bands induced by methanol for 12h as well as 24h. While after 48h induction, nothing could be observed in the membrane and two bands appeared before were missing, (Fig.10) . 
5-6KD
10KD 5-6kD Fig. 6 . SDS-PAGE detection of the expression of TiNPY1 and TiNPY2 after methanol induction for 72 hours. 1-6:TiNPY2; 7-12:TiNPY1; NC0: pPICZaA-X-33 blank vector (negative control); NC1: pPICZaA-TiNPY1-X-33 without induction; NC2: pPICZaA-TiNPY2-X-33 without induction; M: protein marker. The size of TiNPY1 and TiNPY2 is 5-6KD and 2-4kD, 4-6KD, respectively.
Purification of the recombinant tilapia NPY and sequencing of its N-terminal amino acid
As TiNPY1 and TiNPY2 were conjugated with 6× His tag, they could be purified with His•Bind Column by affinity chromatography. Samples from each fraction were sizefractionated by Tricine-SDS-PAGE with comparisons of supernatants before and after purification ( Fig.11 and 12 ). The binding of the fusion recombinant proteins to the His•Bind Column (Ni-NTA column) was highly efficient as seen in Fig.11 (TiNPY1) and Fig.12 (TiNPY2). All of the three protein bands of TiNPY1 induced by methanol for 24 hours (Fig. 
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Expression of Neuropeptide Y of GIFT Tilapia (Oreochromis sp.) in Yeast Pichia Pastoris and Its Stimulatory Effects on Food Intake and Growth 97 11) and two bands of TiNPY2 induced for 12 hours (Fig. 12) were eluted by 150mM imidazole. During the process of purification of TiNPY2, wash buffer was checked after washing to confirm that there were no recombinant proteins were washed out. Two protein bands with larger molecular weight of TiNPY1 were purified and the 1-8th amino acids of their N-terminal were sequenced by instrument PROCISE491 (Applied Biosystemes Company, USA) with EDMEN degradation method. There are three kinds of proteins with different N-terminal a.a. (1-8th) were observed in the band with the largest molecular weight of TiNPY1. The protein with the N-terminal of N-EAYPVKPE is the major form which occupies 60-70% of TiNPY1. Proteins with the N-terminal of N-EAEAYPVK and N-YPVKPENP constitute of 20-30% and 5-10% of TiNPY1, respectively. The second band of TiNPY1 protein consists of two proteins with N-terminal of N-YPVKPENP (above 90%) and N-VKPENPGE (minority). The same samples used in SDS-PAGE study were used in this experiment. Two samples of 48h were the sample 3 and 4 in SDS-PAGE, respectively. Only TiNPY1 expressed after 12h and 24h induction were recognized by polyclonal antibody of NPY.
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Effects of recombinant TiNPY on food intake and growth of the juveniles of GIFT tilapia
The results of in vivo study showed that the recombinant proteins of NPY could significantly stimulated food intake and body growth of GIFT tilapia. Compared to the control group (group 4), the percentages of average body weight increased in the group fed with 0.15μgTiNPY1/g feed (group 1), 0.3μgTiNPY1/g feed (group 2) or 0.6μgTiNPY1/g feed (group 3) were 29.65%, 32.11% and 12.60%, respectively. And the body weight of tilapia fed with 0.3μgTiNPY2/g feed was increased to 43.05% which gained the highest growth speed. The specific growth rates (SGR) and the final mean body lengths of all experimental groups [group 1 (P<0.001), group 2 (P<0.001), group 3 (P<0.05) and group 5 (P<0.001)] were significantly higher than the control group (group 4) after 50 days (Table 1 ). There were no obvious difference in initial mean weight of the 5 groups, but after 50 days' experiment, the final mean weight of group 1, group 2 and group 5 were significantly higher than group 4 www.intechopen. Fig.13 ). The possible detrimental effects of high levels of NPY on tilapia were studied through evaluation of HSI and gut weight ratio. No significant difference was found between groups fed with recombinant tilapia NPY and control group (Table 1) . In the present study, we also analyzed the contents of moisture, crude protein, total lipid and ash of the dorsal white muscle of tilapia in each groups and no significant differences were observed except for the lipid content of group 5 compared to the control (P<0.01) ( Table 2) . After 50 days' feeding experiment, food consumptions in group 1 (0.15μgTiNPY1/g feed), 2 (0.3μgTiNPY1/g feed) and 5 (0.3μgTiNPY2/g feed) were significantly higher than the control group by18.03% (P<0.01), 20.80 %( P<0.01) and 30.22% (P<0.001) respectively, but there was no obvious difference between group3 (0.6μgTiNPY1/g feed) and control group (table 1) . Consistent with the results of food consumption, feed conversion ratio (SGR) of group1 (1.72±0.017), group2 (1.73±0.017) and group5 (1.73±0.031) were significantly lower than the control group which with a FCR of 1.89±0.02. Again, no apparent distinction was observed between group3 and control group in FCR (Table 1 and Fig 14) 5-6KD Table 2 . White muscle composition of tilapia fed with TiNPY1 and TiNPY2 after 50 days.
Values are means ± SEM of three replicates (n=12 per replicate). Values with different superscripts are significantly different from each other (P<0.05). Group 1, 2, 3 were fed with 0.15, 0.3, 0.6μgTiNPY1/g feed, respectively; Group 4 was fed with control diet and acts as a negative control. Group 5 was fed with 0.3μgTiNPY2/g feed.
Regulation of recombinant TiNPY on mRNA expressions of growth hormone, NPY and orexin in GIFT tilapia
Using real-time PCR technique, the effects of recombinant TiNPY on mRNA expressions of GH, NPY and orexin of tilapia were investigated. The results showed that 0.3μgTiNPY2/g feed could significantly stimulate pituitary GH mRNA expression. In contrast to TiNPY2, 0.15 and 0.3μgTiNPY1/g feed obviously inhibited GH mRNA expression and 0.6μgTiNPY1/g feed showed no effect on GH mRNA level (Fig.15) .NPY and orexin are potent stimulators of food intake in teleosts and mainly expressed in hypothalamus of vertebrates. In this experiment, our study showed that 0.3μgTiNPY2/g feed significantly reduced mRNA expression of NPY as well as orexin and only 0.15 μgTiNPY1/g feed has similar inhibitory effect on NPY mRNA level ( Fig.16 and 17 ). While 0.3, 0.6μgTiNPY1/g feed showed no effect on NPY mRNA expression (Fig.16 ) and all treatments of TiNPY1 haven't any obvious effect on orexin mRNA level (Fig.17 ). Fig. 15 . Growth hormone (GH) mRNA expression of tilapia fed with TiNPY1 (0.15, 0.3 and 0.6μg/g feed, black columns) or TiNPY2 (0.3μg/g feed, grey column) after 50 days. The pituitaries of tilapia were homogenized for RNA extraction and RT-PCR. Then, Real-time PCR was used to detect the expression level of GH. The group fed with control diet acts as negative control (white column). Values presented are expressed as means ± SEM of three replicates (n=12 per replicate) and groups denoted by different letters represent a significant difference at P<0.05(ANOVA followed by Fisher's LSD test).
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Discussion
Regulation of food intake is very important for the survival and growth of animals. As in mammals, NPY is also the most potent orexigenic peptide in fish (Matsuda, 2009; Volkoff, 2006; Volkoff et al., 2005) . GIFT tilapia is a hybrid of Nile tilapia (Oreochromis niloticus) and it is a major fish species widely used in aquaculture of China. As the first step to study the functions of recombinant NPY protein in food intake regulation of GIFT tilapia, a cDNA for GIFT tilapia NPY was isolated by molecular cloning. The deduced a.a. sequence of GIFT tilapia NPY revealed that this peptide is the precursor of NPY that comprises the signal peptide, a region coding for the 36 a.a. mature peptide and a C-terminal domain. Sequence alignment of amino acids showed that the NPY mature peptide of GIFT tilapia is the identity of that red tilapia (GenBank: AAV49168) and highly homologous to human NPY with the identity of 86%. This result again clearly proved that NPY is the most highly conserved neuropeptide in vertebrates (Blomqvist et al., 1992) . In the study of protein function, E. coli is commonly used to express large quantities of protein. However, there are several obvious deficiencies exists in the E. coli expression system. Firstly, the recombinant proteins expressed using this system are intracellular types and are easy to form inclusion bodies of expressions. Secondly, the system lacks post- translational modification for foreign proteins. Thirdly, the immunogenic sources of E. coli such as exotoxin are often mixed with the products during cell fragmentation. Moreover, E. coli itself is an important source of water contamination. Therefore, these deficiencies limit its application in protein expression studies. As a eukaryote, yeast Pichia pastoris, a useful system for the expression of milligram-to-gram quantities of proteins for both basic laboratory research and industrial manufacture, owns advantages of higher eukaryotic expression systems such as protein processing, protein folding, and posttranslational modification, while being as easy to manipulate as E. coli or Saccharomyces cerevisiae (Carpio et al., 2009; Cregg et al., 2000) . Expression of target protein in Pichia pastoris can be either intracellular or secreted, and secretion requires a signal sequence on the expressed protein to target it to the secretory pathway. Although several different secretion signals have been used successfully, including the native signal peptide of the heterologous proteins, the secretion signal sequence from the Saccharomyces cerevisiae α factor prepro-peptide has been used with the most success (Cregg et al., 2000) . The major advantage of expressing heterologous proteins as secreted proteins is that Pichia pastoris secretes very low levels of native proteins (Cregg et al., 2000) , which facilitates the purification and acquisition of a large scale recombinant heterologous proteins. Additionally, it has recently been demonstrated that the culture www.intechopen. (Carpio et al., 2009 ). These characteristics make P. pastoris a very useful heterologous proteins expression system in production of recombinant proteins for aquaculture purposes. The processing of the α-factor mating signal sequence in pPICZα occurs in two steps: the preliminary cleavage of the signal sequence by the KEX2 gene product, with the final Kex2 cleavage occurring between arginine and glutamine in the sequence Glu-Lys-Arg * Glu-Ala-Glu-Ala, where * is the site of cleavage; and the Glu-Ala repeats are further cleaved by the STE13 gene product (user manual of EasySelect™ Pichia Expression Kit, Catalog no. K1740-01). After obtained the ORF of GIFT tilapia NPY, two recombinant Pichia X-33 stains of PICZαA-TiNPY1 and pPICZαA-TiNPY2 were established and they can efficiently express recombinant TiNPY1 and TiNPY2, respectively. The two recombinant proteins were supposed to be expressed homogenously with no glycosylation, and comprise only one protein band in Tricine-SDS-PAGE and western blot analysis, respectively. However, three bands with different molecular weight of each recombinant NPY were observed after methanol induction for more than 12 hours, and all of them could be isolated and purified by Ni-NTA His•Bind Column, which means all of them conjugated with 6× His tag designed in our study. Interestingly, only the upper two bands (with larger molecular weight) could be recognized by rabbit polyclonal antibody against porcine NPY. Our hypothesis is that the N-terminal signal peptide from the α factor was not completely cut off and Glu-Ala repeats were left on the N-terminus of the expressed protein of the first band (with largest molecular weight), the second band contained mainly recombinant protein with native N-terminus of tilapia NPY; and the third band, with a smallest molecular weight and couldn't be recognized by NPY antibody, was the degradation of recombinant NPY with the degradation of native N-terminus and the preservation of Cterminus. This speculation was verified by N-terminal a. a. sequence with Edman stepwise degradation. Oral delivery of peptide and protein has been proved to be the most suitable route and least intrusive for delivery to fish in the aquaculture industry (Kiris GA, 2007; Ledger et al., 2002) . As mentioned above, NPY is the most important factor in regulating food intake and energy metabolism in vertebrates. To test the physiological functions of recombinant TiNPY and TiNPY2 of GIFT tilapia, yeast culture supernatants with different dosages of the two proteins were directly sprayed on the surface of ordinary commercial extruded floating feed and acts as daily diets to feed to the juvenile tilapia. As expected, both TiNPY1 and TiNPY2 could significantly stimulate the food intake of juvenile tilapia. Compared to the control group, the food intake of tilapia fed with 0.15 or 0.3μgTiNPY1/g feed, or fed with 0.3μgTiNPY2/g feed was increased to 18.03%, 20.80% and 30.22%, respectively. This result demonstrated again that NPY does not lose its feeding stimulatory effect when passed through the alimentary canal of fish as was found in the red tilapia (Kiris GA, 2007) . Similar stimulated food intake results were found when Juvenile tilapia received intraperitoneal injection of recombinant neuropeptide Y expressed by Escherichia coli (1 μg/g of body weight) (Carpio et al., 2006) , or i.p. injection (0.6 μg /g of body weight) or orally given (0.25 μg/g of feed) of human NPY (Kiris GA, 2007) . And this result is also highly consistent with those reported in other fish species. For example, injections of mammal NPY or fish NPY promoted food intake of goldfish (Narnaware et al., 2000; Peng et al., 1993a) and rainbow trout (Aldegunde and Mancebo, 2006) . Moreover, our study also showed that the FCRs of tilapia fed with 0.15 or 0.3μg/g feed of TiNPY1 and fed with 0.3μg/g feed of TiNPY2 were significantly lower than the control group, which perhaps suggests some significance in the aquaculture of tilapia. However, FCR was not altered in tilapia treated with recombinant NPY expressed by Escherichia coli (1 μg/g of body weight) (Carpio et al., 2006) . More food intake and low FCR often lead to faster growth. In the present study, the percentage of weight gain in the tilapia fed with 0.15μg/g feed, 0.3μg/g feed or 0.6μg/g feed of recombinant TiNPY1 were 29.65%, 32.11% or 12.60% respectively higher than the control group, which was fed with the control diet. The feed with 0.3μgTiNPY2/g feed made the highest growth speed, with a mean body weight gain of 43.05% higher than the control group. The similar fasted growth results were found in other studies. NPY injection significantly induced energy consumption and body weight of goldfish (Narnaware and Peter, 2001a; Narnaware and Peter, 2001b) and tilapia (Carpio et al., 2006; Kiris GA, 2007) ; 18 and 30 days after immersion baths with recombinant NPY expressed by Escherichia coli three times a week, body weight and body length of catfish were significantly higher than the control (Carpio Y, 2007) ; Both injection and oral administration with human NPY significantly promoted the growth and body weight of tilapia (Kiris GA, 2007) . The effect of NPY on food intake and growth seems dosage and species specific and too high or too low dosage could not elevate food intake in fish and shrimp (Kiris GA, 2007; Narnaware and Peter, 2001b) , The growth and food intake of tilapia Oreochromis niloticus were both significantly higher at dosage of 0.25μg/g feed compared to the control, but lower dosage of 0.125 μg/g feed only stimulated food intake (Kiris GA, 2007) ; Although the group of red tilapia injected with 0.1mg/gbw of recombinant NPY showed a weight increase of 26% when compared to the control group, it is still not statistically significant (Carpio et al., 2006) . In our study, weight increase of tilapia fed with a dosage of 0.6μgTiNPY1/g feed was 12.60% higher than control, but with no statistical significance, and significantly lower than fish fed with lower dosages of 0.15 and 0.3 TiNPY1μg/g feed. The tilapia fed with 0.3 μg TiNPY2/g feed obtained the fastest growth rate compared with groups fed with TiNPY1 and the control diet. Some studies have reported that NPY is involved in the neuroendocrine regulation of growth hormone. For example, NPY stimulates GH secretion in vitro and in vivo in goldfish (Peng et al., 1993b; Peng et al., 1993a) and catfish (Mazumdar et al., 2006) . Similar as in mammals, NPY also interacts with a number of appetite factors, e.g. orexin, leptin and CART, to regulate food intake in fish (Volkoff, 2006; Volkoff et al., 2005) . In the present study, we also investigated the effects of recombinant proteins of TiNPY1 and TiNPY2 on mRNA expressions of GH in pituitary and NPY as well as orexin in hypothalamus. The results showed that TiNPY2 (0.3μg/g feed) significantly induced GH mRNA expression. In contrast to TiNPY2, low dosages of TiNPY1 (0.15 and 0.3μg/g feed) obviously inhibited GH mRNA expression and high dosage of TiNPY1 (0.6μg/g feed) showed no effect on GH mRNA level. For NPY and orexin, the same dosage of TiNPY2 significantly inhibited mRNA expression of NPY as well as orexin to 50% compared to the control group and only 0.15 μg TiNPY1/g feed has similar inhibitory effect on NPY mRNA level. In contrast, 0.3 and 0.6μgTiNPY1/g feed showed no effect on NPY mRNA expression and all treatments of TiNPY1 haven't any obvious effect on orexin mRNA level. These results, taken together, suggested that long-term feeding of tilapia with recombinant NPY proteins could upwww.intechopen.com Further experiments are needed to test our hypothesis. In the whole experiment, we noticed that the effects of recombinant protein of TiNPY2 are much significant than that induced by TiNPY1. As the two forms of recombinant tilapia NPY expressed by yeast are only different in conjugated tags for identification and purification. The conjugated tag of TiNPY1, which was added a sequence with the molecular weight of 2.2KD to the recombinant protein, contains c-myc, 6× His tag and the amino-acid residues between them. While, the conjugated tag of TiNPY2, which was added to a sequence with the molecular weight of 0.8KDa to the recombinant protein, only contains six amino-acid residues of 6× His. The difference of their effects on the food intake and mRNA expression of GH, NPY and orexin may come from the difference of the conjugated tag attached with them .These results perhaps indicated that a larger conjugated tag of recombinant NPY would interfere its absorption or transportation across the blood-brain barrier. The function of recombinant NPY were also perhaps disturbed by the tags, as lipid content of the white muscle was higher in tilapia fed with TiNPY2 than those feed with TiNPY1 or control diet.
Conclusion
We obtained the cDNA encoding the precursor of NPY from GIFT tilapia. The deduced amino acids sequence of the mature peptide of GIFT tilapia is the same as that of red tilapia and it is highly conserved with human NPY. Two Pichia X-33 stains of PICZαA-TiNPY1 and pPICZαA-TiNPY2 were established and they can express the recombinant proteins of TiNPY1 and TiNPY2, respectively. Long-term feeding tilapia with TiNPY1 and TiNPY2 could significantly stimulate the food intake and growth of tilapia and at the same time to reduce the feeding conversion ratio of feed. Moreover, TiNPY2 can induce GH mRNA expression in the pituitary of tilapia and while potently suppressed mRNA expressions of hypothalamic NPY and orexin. For TiNPY1, lower dosages of which could inhibit GH and NPY mRNA expression. All dosages of TiNPY1 used in our experiment showed no effect on orexin mRNA expression. The present study clearly demonstrated that the recombinant protein of NPY expressed from the yeast Pichia pastoris has biological activity and oral delivery of NPY is a useful method in the aquaculture industry.
